Brazil nut (Bertholletia excelsa H. B. K.) is one of the most valuable national Lecythidaceae from Brazil, collaborating with local economy. Besides being rich in nutrients, it has high content of unsaturated fatty acids, proteins and vitamins. On the other hand, levamisole (LMS) is a synthetic imidazothiazole derivative mostly used as agent in anthelmintic treatment; however it is reported to have issues in its oral bioavailability. Microemulsion (ME), immiscible liquids stabilized by surfactants, is a promising bioavailability enhancer nowadays by modifying the release of active ingredient at its site of action, reducing therapeutic dosage with consequent side effects, and increasing absorption of natural ingredients. So, the development of a stable ME containing Brazil nut oil to carry LMS can be a promising pharmaceutical form in this drug therapeutic efficiency behalf. For that, it was developed a stable oil-in-water ME which held pH, conductivity, and refractive index along the study, presenting satisfactory stability under long-term stress conditions. Its particle size is classified as nanostructure (33,35nm), and rheological parameters confirmed a Newtonian behavior, with constant viscosity. The Brazil nut oil ME can be an alternative as adjuvant in pharmaceutical forms and a promising upgrading tool to carry LMS, improving its therapy.
INTRODUCTION
The development of drug delivery vehicle has increased in recent years (Ansari et al., 2012; . The poor bioavailability is a common issue in drug development, which implies in more frequent drug administrations to reach the effect, and blood level fluctuations due to poor drug release pattern. Such issues lead to sub dosage or toxicity, among several other disadvantages implying to an inefficient pharmacologic therapy (Pezzini et al., 2007) . An alternative to minimize such risks and improve drug therapy is by utilizing pharmaceutical systems that modify the drug kinetics, and increase the amount of active pharmaceutical ingredient (API)available in the organism, delivering at its site of action in a regulated speed (Hu et al., 2008; Hafner et al., 2014) . Many of such products have demonstrated to be able to improve treatment of diseases or stimulate the immune system, and for that immunomodulatory . Email: ribeiroufmt @ hotmail.com molecules delivered by colloidal systems have been an interesting strategy according to literature . Microemulsion (ME) is a quite recent system in that approach. ME have become a promising bioavailability enhancer. For that, immiscible liquids are stabilized by surfactants, reducing their surface tension, emulsifying, dispersing and solubilizing solutes, combining the active ingredient in one of the phases (Acharya and Hartley, 2012; Lawrence and Rees, 2012; Ribeiro et al., 2015) . Its benefits include increased API solubility, minimized degradation processes such as thermal and photo degradation, gastric resistance, controlled release of active ingredient, reduction of therapeutic dosage and consequent side effects, improving the adherence to treatment which leads to a significant improvement of a known therapy (Kesarwani and Gupta, 2013) . Nanostructures, such as ME, might be able also to increase the absorption of natural ingredients, delivering the active ingredient at the desired site of action in modulated doses (Bonifácio et al., 2014) . Conversely, medicinal plants and their extracts have great relevance as source of active ingredients and adjuvants in the pharmaceutical field .
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The Brazil nut-fruit (Bertholletia excelsa H. B. K.) is one of the more invaluable national species in Brazil, holding importance as source of nutrients (minerals, proteins and lipids),and their growth collaborates to the economy, especially in Amazon region (Ferreira et al., 2006; Gonçalves et al., 2009) .
The oil is commonly obtained by cold pressing the Brazil nut seeds, presenting itself as yellowish and with lightly sweet taste and smell (Kluczkovski et al., 2015) . Its composition is mostly unsaturated fatty acids, monounsaturated oleic fatty acid (36.21 to 51%) and oleic fatty acid (34 to 38.28%). Although oleic fatty acid is the main component of the almond oil, Brazil nut is also a great source of polyunsaturated fatty acids and protein, such as excelsina, selenium and sulfured amino acids forming high bioavailability complexes, and vitamins A, B, C, and E, the last one with antioxidant and immune system activity (Ferreira et al., 2006; Silva et al., 2010; Santos et al., 2011; Kluczkovski et al., 2015) .Although several studies have taken place about the properties of this plant and its products, the use of Brazil nut in the pharmaceutical field as an adjuvant has not yet been elucidated.
The vehicles with vegetable oils are a viable option to the development of nanostructured systems as an alternative to drug vehicle . Levamisole (LMS) is a synthetic imidazothiazole derivative, and has been used as antirheumatic drug in 1970s and for colon cancer treatment with 5-fluorouracil in 1990s (Figure 1 ). Currently, it is mostly used as anthelmintic agent by paralyzing worm's muscles (Ribeiro et al.,2015) . Besides, some authors have considered LMS as a bio pharmaceutics III in drug classification, indicating that due to permeability issues its oral bioavailability can be diminished (Shaji and Jadhav 2010), which calls attention to the possibility of improvement when combined in other systems, as ME. Therefore, the use of LMS has decreased in last years for its side effects when administered as a regular pharmaceutical form (tablets), and the promising composition of ME system can improve LMS bioavailability or allow its injectable application.
In this circumstances, the aim of this work was to develop a stable ME formulation containing Brazil nut oil to accommodate LMS, as well as, to establish the parameters of characterization and stability that allow its further use in a pharmaceutical form.
MATERIAL AND METHODS

System composition
The ME systems were formulated with Brazil nut oil; distilled water; Sorbitan Monostearate (SP -Span 80 ® ), HLB = 
Surfactant Mixing Ratio
The co-surfactant (BT) was used in a ratio equivalent to 10% (Fc =1) of the surfactant mixture. The HLB of the surfactant mixture (SP and TW) and the composition required to achieve an HLB corresponding to the oily phase were calculated (Ribeiro et al., 2015) .
Microemulsion Systems Development
The process was performed through the following steps: (1) the proportion of oily phase, aqueous phase, and surfactant mixture runs from 10 to 80% of the formulation, following to mechanic homogenization; (2) the construction of pseudoternary diagrams comprising points representing each proportion of components; (3) the formulations were individually classified, 24 hours later, as ME, gelemulsion (GE), or phase separation (PS); (4) the determination of each region was defined by performing aqueous titration with the ratio of oil/surfactants phase running from 1:9 up to 9:1. Adding distilled water in quantities between 0.05mL and 0.20mL performed the titration. During this process, the mixture was agitated manually and mechanically. After homogenization the formulations were visually classified. Diagrams to define the composition of each type of formulation were constructed from data attained using Sigma Plot 8.0 software. After pseudoternary diagram acquisition, compositions of the systems that fell into the ME region were defined. This region containing pre-selected points was distributed in lines, dividing the region due to achieve representative samples for the LMS incorporation, which were later characterized and submitted to stability studies.
Drug Incorporation in the Microemulsion
LMS incorporation in the ME samples was performed by adding its equivalent weight to the aqueous phase in distilled water, under agitation, followed by surfactant and Brazil nut oil addition, respectively. The systems were made to provide 50mg of LMS every 95mLof ME, based on the apparent average density points of the system.
Physicochemical Characterization
Physicochemical parameters of the formulations were measured through centrifugation, pH, electrical conductivity and refractive index. All the experiments were performed in triplicate.
Centrifugation was performed at 3600 rpm for 30 minutes at room temperature, and the samples visually heterogeneous were excluded afterwards.
Stability against decomposition reactions such as hydrolysis was assessed through pH measurement by inserting the electrode directly into the sample.
Same technique was used to measure electrical conductivity, inserting the electrode directly into the sample to confirm the system type oil-in-water (O/W) and any tendency towards phase inversion.
Instabilities or liquid crystals were checked by inserting a sample droplet of each sample on the measuring prism surface and obtaining their respective refractive index.
Stability Study
The heating-cooling cycle was used to obtain the thermodynamic stability assessment. Two groups of samples were preliminarily subjected to alternating cycles of 5±1 o C and 45±1 o C for 24 hours each, during 14 days. The stable formulations at this point followed to accelerate stability test, once extreme conditions allow us to probe their long-term stability. Three groups of colloidal samples were submitted at temperatures of 45±1ºC, 25±1ºC and 5±1ºC for 90 days. Every 30 days, the formulations were maintained at room temperature for 24 hours to measure their physicochemical properties. The stability studies were performed in triplicate.
Rheological Characterization
The rheological parameters were determined by Modular Compact Rheometer -MCR 102 (Anton Paar ® , Germany). In all trials, 600µL of each formulation were placed on the surface of the reading plate. Data were taken with continuous control of the gap in 0.099mm. The measuring cell was a CP 50 and precise temperature control was achieved. Acquired data were treated using the Rheoplus V3.61 software. The flow and viscosity curves were displayed using established parameters considering the control of shear stress (τ) in the 0-5Pa range for the upsweep and 5-0Pa for the curve downward. These measurements were performed under isothermal conditions at 25°C, comprising 75 readings for each analysis.
Dynamic Light Scattering (DLS)
Dynamic light scattering (DLS) was used to measure the mean particle size at 25ºC through a Malvern Zetasizer Nano ZS (Malvern®, United Kingdom) 632.8nm excitation. Colloidal suspension samples (in triplicate) were prepared from a 10:1000 dilution of each formulation.
RESULTS AND DISCUSSION
In this investigation, it was developed a liquid ME formulation from Brazil nut oil as vehicle for LMS through diagrams that demonstrated linear viscosity in a Newtonian profile. It was classified as oil-in-water, had physicochemical stability and properties suitable for biological application.
To obtain the surfactant-mixing ratio, the co-surfactant (BT) concentration was fixed as 10%, and the amount of the surfactants SP and TW were calculated to achieve the required HBL for the Brazil nut oil. The obtained surfactant fractions were 4.2 and 4.8 for SP and TW, respectively, resulting in a total mix relation of 4.2:4.8:1.0.
The SP/TW/BT (4.2/4.8/1.0) surfactant mixture was added with Brazil nut oil and distilled water in proportions established by the diagram (Figure 2 ). These data resulted in regions with different equilibrium characteristics. The stability of a ME depends on the interfacial interaction system established by the surfactant and co-surfactant between water and oil. So, the development of thermodynamically stable systems occurs by determining the appropriate ratio of surfactants (Lawrence and Rees 2012) . Although the HLB is an empirical and representative value of the content of hydrophilic and lipophilic properties of the surfactant, it was shown to effectively allow the preparation of a large area of ME, an agreement with literature (Lin 1970; Wu et al., 2001; Zhang and Que 2008) . The proper adjustment of the HLB allows thermodynamically stable systems to have a smaller increase in the core and lower particle sizes (Housaindokht and Pour 2012) . In the present study, the HLB technique was used to produce diagrams with large areas of stable systems.
The analysis of phase behavior allowed classifying three different regions: gelling emulsion (GE), ME, and phase separation (PS). As well as indicated that a large range of surfactant compositions produced stable systems. However, when the surfactant domain concentration was below 55%, some instability and phase separation were observed, indicating that at lower surfactant concentrations there could not be a balance between high proportions of aqueous and oily phases (Figure 2 ). It confirms that the Brazil nut oil is capable of forming large ranges of translucent systems. Several works have reported translucent formulation with capric/caprylic acid triglycerides (Ribeiro et al., 2015; Cotrim et al., 2016) and Babassu oil , but none containing Brazil nut oil.
It is notable that phase diagrams can be employed to investigate the phase behavior of micro and Nanoemulsion systems, aiming to select translucent systems from other present structures, but unfortunately do not guarantee the stability of such systems, requiring further tests (Fryd and Mason 2012; .
Stability studies were performed in pre-selected stable formulations containing LMS, labeled F1 to F10. The results of the physicochemical analyses, attained before and after submitting samples to temperature variations, are listed in Table 1 . Before thermal treatment, samples were submitted to centrifuge at 3600 rpm for 30 minutes, 25°C. Then, it was observed that majority of the samples presented a visually normal (N) behavior, remaining translucent after the stability test, what indicates high stability. The samples F5, F8 and F9 showed phase separation (PS) and were therefore eliminated.
All of the formulations were classified as O/W for their electrical conductivity values above that of distilled water (> 1.3 μS.cm -1 ). Additionally, the refraction values remained around 1.44 and 1.46, demonstrating constancy during the entire trials. This refractive index obtained before and after the stability tests indicates isotropic nature of the formulations (Ghosh et al., 2006) . Although F3 and F10 did not present significant modifications in values of pH, refraction and conductivity, they became opalescent during the cycles of temperature, being eliminated of the posterior tests. Afterwards, formulations F1, F2, F4, F6, and F7 containing LMS were submitted to accelerated stability studies.
Data attained from LMS loading samples submitted to heating-cooling temperature cycles (accelerated stability study) before starting (0), after 30, 60 and 90 days, are listed in Table 2 and Figure 3 . As seen in Table 2 , there was no meaningful change in the refractive index of all formulations over the 90 days of study under different temperatures. However, it was perceived with the time and hot temperature (45°C) that variations in values of pH turned the formulations into more acid, likely to mean oil oxidation, once decomposition of LMS is increased by alkali pH range (Chiadmi et al., 2005) .Still for the formulations under heat, the conductivity did not show considerable change during the accelerated stability study; therefore the maintenance of the systems O/W was observed for all formulations, regardless of the temperature. The formulations under cooling and room temperature had their conductivity decreased in 60 days of study, reaching constancy afterwards (Figure 3) . Therefore, although physicochemical variations might be noticed, formulations displayed visual homogeneity being translucent throughout the study time.
According to literature, these all characteristics confirm a stable nanostructured system achieved (Pratap et al., 2012) . The long term stability presented by the synthesized MEs may be associated to their reduced size, low interfacial tension and possibly be subject of Brownian motion and no gravity (Solans et al., 2005; Fernandes et al., 2014) . Attaining the flow and viscosity curves, as a function of shear rate, performed rheological characterization. Initially, flow curves of the stable LMS incorporated in ME formulations (F1, F2, F4, F6 andF7) we measured (Figure4). It is observed that for all formulation, the flow curves began at the origin and exhibited linear ascending, and descending behavior, indicating that these formulations behave as Newtonian fluids. s.This ability to maintain the viscosity and Newtonian profile constant according to the shear rate in ME systems, allied to stability studies, keep the indicative of a ME physical stability.
Rheological properties of emulsions depend on their type, shape, density and number of components, as well as the interaction among them (Fryd and Mason 2012). Thus, microstructure changes influence the system rheology (Acharya and Hartley 2012). As for instance, liquid and translucent emulsions with long-term stability and appropriate for different applications generally exhibit Newtonian behavior with constant viscosity for a wide range of shear rate (Rojas et al., 2009; Acharya and Hartley 2012; Ribeiro et al., 2015; Cotrim et al., 2016) . According to the literature, viscosity is largely influenced by modified-release systems associated with change of temperature França et al., 2014) . In this report, the prepared formulations of Brazil nut oil and LMS presented Newtonian profile and no change in the hysteresis area. Light scattering is a routine technique to determine the diameter of the ME internal phase (Kreilgaard 2002) . Droplet size analysis and particle size distribution, attained by the DLS technique for formulations F1, F2, F4, F6 and F7, are displayed in Figure 6 . It is observed that LMS loaded samples present nanostructure sizes and thin distribution.
Our findings demonstrate that the formulations containing Brazil nut oil and LMS presented variations regarding the components proportion in the formulations. The F1, F2, F4, F6, and F7 indicated average hydrodynamic diameter of 64.62; 49.73; 33.35; 104.55 and 122.18nm, respectively. Literature shows the diameters of the structures to be dependent on the surfactant ratio and oil phase of ME (Formariz et al., 2005) , differently than nanoemulsions that also depend on the preparation process, specially on the type of mixing/blend (Ghosh et al., 2012) . It was observed the formation of Nano scale structures with decreased hydrodynamic diameter when the surfactant proportion predominates over the oil phase (Aboofazeli et al., 2000; Tadros et al., 2004; Lawrence and Rees 2012) . These results collaborate with the data of the systems developed, and indicate that the increase of Brazil nut oil concentration promoted a tendency to reduce the hydrodynamic diameter in specific proportions of aqueous phase (10 %).
This Nano scale structure of ME containing Brazil nut oil (Bertholletia excelsa H.B.K) and LMS allows it to be suitable for oral, parenteral, pulmonary, or ocular administration. In spite of the fact that its potential for topical use has not been neglected, more viscous systems are preferred for this type of application (Talegaonkar et al., 2008 ). Yet, microemulsions are easy to administer and can provide ideal characteristics for the release of oral or parenteral drugs and vaccines (Bagwe et al., 2001; Aguiar et al., 2002) . This type of release system can improve therapeutic efficacy and therefore reduce drug and carrier volume in the formulation to minimize toxic effects and trigger immunomodulatory responses of LMS (Cui et al., 2003; Zhang et al., 2009) . More studies should be conducted to verify the potential of this formulation as an adjuvant for drug delivery. According to the attained physicochemical characteristics, from all the stable formulations, F4 has been selected to conduct drug delivery and biological assays. 
CONCLUSION
In the present collaboration, a stable O/W micro emulsion system containing Brazil nut oil and LMS was developed and different formulations were tested. The F4 (water 9.4%; Brazil nut oil 23.5%; SP 25.7%; TW 29.4%; BT 6.1%) presented the best parameters as stability and ME. It showed the best standing pH, conductivity, and refractive index along the study, representing satisfactory stability under long-term stress conditions. Its particle size is classified as ME (33.35nm), and rheological parameters confirm a Newtonian behavior, with constant viscosity. In addition, Brazil nut oil is a natural product, easy to obtain in Brazil, and can be added to the diet, so may be an choice for future therapy applications, in particular for infectious and immunological diseases.
The Brazil nut oil ME system is a new alternative for possible use in drug delivery vehicle and as an adjuvant. A promising ME system to carry LMS in an upgraded pharmaceutical form opens new perspectives to improve the . efficiency of this drug therapy, such as in parasitic diseases and cancer.
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